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{571 ABSTRACT

A polycarbonate resin composition comprising 1 to
99% by weight of a branched polycarbonate having a
branched nucleus structure derived from a branching
agent represented by the general formula:

R® R R! @
I
HO C OH
RY R2
R* OH R?

wherein R is a hydrogen atom or an alkyl group having
1 to 5 carbon atoms, and R! to R6 are hydrogen atoms,
alkyl groups having 1 to 5 carbon atoms or halogen
atoms, respectively, and 99 to 1% by weight of a ther-
moplastic polyester resin. The polycarbonate resin com-
position is excellent in fluidability, solvent resistance
and moldability.

8 Claims, No Drawings
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1
POLYCARBONATE RESIN COMPOSITION

REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part application
of application Ser. No. 07/820,206 filed Jan. 13, 1992
now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a polycarbonate resin
composition, and more particularly to a polycarbonate
resin which has an improved fluidability and solvent
resistance in addition to the mechanical properties of
conventional polycarbonate resin compositions, and is
excellent in moldability, particularly in blow moldabil-
ity.

2. Description of the Related Arts

Processes for production of polycarbonate using
phloroglucine or trimellitic acid as a branching agent
have heretofore been known, as disclosed in for exam-
ple, Japanese Patent Publication Nos. 17149/1969, and
11733/1985. Use of these branching agents, however,
suffers from a disadvantage in that a trace amount of
unreacted matter is apt to cause coloring.

In Japanese Patent Application Laid-Open No.
45318/1984, 1,1,1-tris(4-hydroxyphenyl)ethans is pro-
posed to be used as a branching agent. However, the
specification of U.S. Pat. No. 4,415,723 discloses that
the polymer obtained by using this branching agent is
colored to pals yellowish green in Comparative Exam-
ple A, and suggests the use of a branching agent such as
1,1,2-tris(4-hydroxyphanyl)ethans and  1,1,2-tris(4-
hydroxyphenyl)propane. Yet the process disclosed in
the above U.S. Pat. No. 4,415,723 cannot completely
solve the problems of coloring.

It is known that when a polycarbonate is branched
for blow molding, its impact resistance decreases. Ac-
cordingly, development of a branched polycarbonate
with high impact resistance had been required.

The present inventors’ group had investigated from
such points of view, and succeeded in solving the prob-
lem of hue to develop a branched polycarbonate suit-
able for blow molding which have acetone-soluble mat-
ter of not more than 3.5% by weight and an improved
impact-strength (Japanese Patent Application Laid-
open No. 182524/1991).

SUMMARY OF THE INVENTION

As a result of present inventors’ intensive investiga-
tions to further improve moldability and solvent resis-
tance of the above-mentioned branched polycarbonate,
it has been found that a polycarbonate resin composi-
tion having the desired properties can be obtained by
means of blending a prescribed amount of thermoplastic
polyester resin with a specified polycarbonate, without
imparing the mechanical properties of conventional
polycarbonate resin composition.

The present invention has been accomplished based
on the above findings. That is, the present invention
provides a polycarbonate resin composition comprising
(A) 1 to 99% by weight of a branched polycarbonate
having a branched nucleus structure derived from a
branching agent represented by the general formula (I):
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RS R R! 03]
|
HO C OH
RS R2
R* OH R?

wherein R is a hydrogen atom or an alkyl group having
1 to 5 carbon atoms, and R to RS are hydrogen atoms,
alkyl groups having 1 to 5 carbon atoms or halogen
atoms, respectively, a viscosity average molecular
weight of 15,000 to 40,000, and an acetone soluble mat-
ter of not more than 3.5% by weight, and (B) 99 to 1%
by weight of a thermoplastic polyester resin.

The polycarbonate resin composition may comprise
40 to 94% by weight of the component (A) and 5 to
59% by weight of the component (B) and further com-
prise 1 to 50% of a rubber elastomer as a component

(©).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The branched polycarbonate of component (A) of the
present invention has a branched nucleus structure de-
rived from a branching agent represented by the general
formula (I):

R® R R! I
|
HO C OH
R3S R2
R* OH R3

wherein R is a hydrogen atom, an alkyl group having 1
to 5 carbon atoms, such as methyl group, ethy! group,
n-propyl group, n-butyl group, and n-pentyl group; and
RIto Réare hydrogen atoms, alkyl groups having 1 to
5 carbon atoms (e.g., methyl group, ethyl group, n-pro-
pyl group, n-butyl group, and n-pentyl group) or halo-
gen atoms (e.g., chlorine atom, bromine atom, and fluo-
rine atom).

The embodiments of the branching agent of the gen-
eral formula (I) include
1,1,1-tris(4-hydroxyphenyl)methane;
1,1,1-tris(4-hydroxyphenyl)ethane;
1,1,1-tris(4-hydroxyphenyl)propane;
1,1,1-tris(2-methyl-4-hydroxyphenyl)methane;
1,1,1-tris(2-methyl-4-hydroxyphenyl)ethane;
1,1,1-tris(3-methyl-4-hydroxyphenyl)methane;
1,1,1-tris(3-methyl-4-hydroxyphenyl)ethane;
1,1,1-tris(3,5-dimethyl-4-hydroxyphenyl)methane;
1,1,1-tris(3,5-dimethyl-4-hydroxyphenyl)ethane;
1,1,1-tris(3-chloro-4-hydroxyphenyl)methane;
1,1,1-tris(3-chloro-4-hydroxyphenyl)ethane;
1,1,1-tris(3,5-dichloro-4-hydroxyphenyl)methane;
1,1,1-tris(3,5-dichloro-4-hydroxyphenyl)ethane;
1,1,1-tris(3-bromo-4-hydroxyphenyl)methane;
1,1,1-tris(3-bromo-4-hydroxyphenyl)ethane;
1,1,1-tris(3,5-dibromo-4-hydroxyphenyl)methane; and
1,1,1-tris(3,5-dibromo-4-hydroxyphenyl)ethane.
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The above branched polycarbonate posesses the
branched nucleus structure derived from a branching
agent represented by the above-mentioned general for-
mula (I), and specifically represented by the following

formula:
R
RS | ! terminal
terminal-(PC)m—O@—C O=—(PC)p-group
group RS R2

4 3
ROR

l-—(PC).-tcrmiml] group

wherein m, n and o are integers, and PC represents a
polycarbonate moiety.

The polycarbonate represents, when bisphenol A is
used as starting material component, for instance, a

repeating unit of the following formula:
i e
—C—0 (I: O—
CH3

The branched polycarbonate of Component (A) has a
specified branched nucleus structure as described
above, and a viscosity average molecular weight of
15,000 to 40,000. If the viscosity average molecular
weight is less than 15,000, impact resistance of the re-
sulting composition is low, while if it is in excess of
40,000, moldability of the composition results to be
poor.

In the above branched polycarbonate, the portion of
acetone soluble matter is preferably not more than 3.5%
by weight. If the portion of acetone-soluble matter
exceeds 3.5% by weight, impact resistance of the com-
position becomes to be markedly low. The acetone-
soluble matter therein refers to' a component extracted
from the objective polycarbonate by Soxhlet extraction
using acetone as a solvent.

Above-mentioned branched polycarbonate can be
produced according to various processes. For exarhple,
the branched polycarbonate can be efficiently produced
by a process disclosed in Japanese Patent Application
Laid-Open No. 182524/1991, which comprises reacting
(i) a polycarbonate oligomer derived from aromatic
dihydric phenols, a branching agent represented by the
general formula (I), and phosgene, (ii) aromatic dihy-
dric phenols, and (jii) a terminal stopper while stirring
in such a way that a reaction mixture containing them is
under a turbulent flow condition, and adding aqueous
alkali solution at the point where the viscosity of the
reaction mixture rises and, at the same time, reacting the
reaction mixture under a laminar flow condition.

The branched polycarbonate can also be produced by
reacting (i) a polycarbonate oligomer derived from
aromatic dihydric phenols and phosgene, (ii) aromatic
dihydric phenols, (iii) a branching agent represented by
the general formula (I), and (iv) a terminal stopper
while stirring so that a reaction mixture containing them
is under a turbulent flow condition, and adding aqueous
alkali solution at the point where the viscosity of the
reaction mixture increases and, at the same time, react-
ing the reaction mixture under a laminar flow condition.

As a thermoplastic polyester resin as Component (B)
of the present invention, various ones can be used. As
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the preferred examples, a polyester resin obtained by
polymerization of a bifunctional carboxylic acid com-
ponent and an alkylene glycol component is suggested.

Examples of bifunctional carboxylic acid components
and alkylene glycol components are as follows. Bifunc-
tional carboxylic acid components include aromatic
dicarboxylic acids such as terephthalic acid, isophthalic
acid, and naphthalene dicarboxylic acid. Among these
dicarboxylic acids, terephthalic acid is preferred. Other
bifunctional carboxylic acid components can also be
used in combination so long as the effect of the present
invention is not impaired. Typical examples of the other
bifucntional carboxylic acid are aliphatic dicarboxylic
acids such as oxalic acid, malonic acid, adipic acid,
suberic acid, azelaic acid, sebacic acid, and decanedicar-
boxylic acid, and ester forming derivatives thereof. The
proportion of the dicarboxylic acid component other
than aromatic dicarboxylic acids is preferably 20% or
less of the total dicaroboxylic acids.

The alkylene glycol component is not critical, but
specifically aliphatic diols having 2 to 15 carbon atoms
such as ethylene glycol, propylene-1,2-glycol, propy-
lene-1,3-glycol,  butylene-1,4-glycol, butylene-2,3-
glycol, hexane-1,6-diol, octane-1,8-diol, neopentyl gly-
col, and decane-1,10-diol can be used. Among these
diols, ethylene glycol and butylene glycol are preferred.

As the polyester resins, particularly preferred ones
are polyethylene terephthalate and polybutylene tere-
phthalate.

The thermoplastic polyester resin as component (B)
can be prepared by a conventional method in the pres-
ence or absence of a polycondensation catalyst contain-
ing titanium, germanium, antimony or the like. For
example, polyethylene terephthalate can be prepared by
the reaction comprising two steps. At the first step,
terephthalic acid and ethylene glycol are esterified, or a
lower alkyl ester of terephthalic acid such as dimethyl
terephthalate and ethylene glycol are transesterified to
obtain a glycol ester of terephthalic acid and/or a low
polymer thereof. At the second step, that is, polymeri-
zation reaction step, the glycol ester and/or a low poly-
mer thereof are further polymerized to give a polymer
having a high polymerization degree.

In the composition of the present invention, the pro-
portion of the branched polycarbonate as Component
(A) is 1 t0 99% by weight, preferably 30 to 98% by
weight, to the total amount of Components (A) and (B).
The thermoplastic polyester resin as Component (B) is
incorporated in a proportion of 99 to 1% by weight,
preferably 70 to 2% by weight. If the proportion of the
branched polycarbonate exceeds 99% by weight, the
resulting composition is not improved sufficiently in
fluidability and solvent resistance. On the other hand, if
the proportion of the above-mentioned branched poly-
carbonate is less than 1% by weight, the mechanical
strength and the moldability of the composition are
lowered, and no effect by branching the polycarbonate
is obtained.

Various compounds can be used as a rubber elasto-
mer of the component (C) . Examples of the rubber
elastomer include (1) those prepared by polymerizing
one or more vinyl-based monomers in the presence of a
rubber polymer obtained from monomers mainly com-
prising either or both of an alky! acrylate and an alkyl
methacrylate. The alkyl acrylate and the alkyl methac-
rylate each preferably has 2 to 10 carbon atoms, specific
examples of which include an ethyl acrylate, a butyl
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acrylate, a 2-ethylhexyl acrylate, a non-octyl methacry-
late and the like.

Examples of the rubber polymer made from mono-
mers mainly comprising these alkyl acrylates include
polymers obtained by reacting 709 by weight or more
of said alkyl acrylates with 30% by weight or less of
copolymerizable other vinyl-based monomers such as
methyl methacrylate, acrylonitrile, vinyl acetate, and
styrene. Polyfunctional monomers such as divinyl ben-
zene, ethylene dimethacrylate, triallylcyanurate and
triallyl isocyanurate may be added in a proper amount
as a crosslinking agent in this reaction.

Examples of the vinyl-based monomer which is re-
acted in the presence of said rubber polymer include an
aromatic vinyl compound such as styrene and a-methyl
styrene, an acrylic ester such as methyl acrylate and
ethyl acrylate, a methacrylic ester such as methyl meth-
acrylate and ethyl methacrylate and the like.

These monomers may be used singly or two or more
in mixtures. The monomers may also be copolymerized

5

with other vinyl-based monomers, for example, a vinyl -

cyanide compound such as acrylonitrile and methacry-
lonitrile, a vinyl ester compound such as vinyl acetate
and vinyl propionate and the like.

The polymerization can be conducted according to
various methods such as bulk polymerization, suspen-
sion polymerization and emulsion polymerization. Par-
ticularly emulsion polymerization is suitable.

The so obtained rubber elastomer contains preferably
20% by weight or more of said rubber component.
Specific examples of this rubber elastomer include a
MAS resin elastomer, for example, a graft copolymer
combining 60 to 80% by weight of a n-butyl acrylate
with a styrene or a methyl methacrylate.

Said MAS resin elastomer is commercially available,
for example as “KM-330" (iradename, supplied by
Rhome & Haas Co.), as “METABLEN W 529" (trade-
name, supplied by Mitsubishi Rayon Co., Ltd.) and the
like.

Other examples of said rubber elastomer are (2) those
prepared by polymerizing one or more of vinyl-based
monomers with a copolymer which is obtained by co-
polymerizing either or both of an alkyl acrylate and an
alkyl methacrylate and a polyfunctional monomer hav-
ing a conjugated diene-type double bond. The alkyl
acrylate and the alkyl methacrylate are the same as
exemplified in (1) above. Examples of the polyfunc-
tional monomer having the conjugated diene type dou-
ble bond are a conjugated diene compound such as
butadiene and isoprene and a compound having a conju-
gated diene type double bond and further a non-conju-
gated double bond per molecule. They are for example,
1-methyl-2-vinyl-4,6-heptadiene-1-o}; 7-methyl-3-
methylene-1,6-octadiene; 1,3,7-octatriene; and the like.

In said process wherein either or both of the alkyl
acrylate and alkyl methacrylate are copolymerized with
the polyfunctional monomer having the conjugated
diene type double bond, a vinyl-based monomer may be
added, if necessary, including an aromatic vinyl com-
pound such as a-methyl styrene, a vinyl cyanide com-
pound such as acrylonitrile and methacrylonitrile, a
vinyl ester compound such as vinyl acetate and vinyl
propionate, a vinyl ether compound such as methyl-
vinyl ether and a halogenated vinyl compound such as
vinyl chloride. Furthermore, a crosslinking agent such
as ethylene dimethacrylate and diviny] benzene may as
well be added.
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The so obtained copolymers are polymerized with
the vinyl-based monomers which are same as exempli-
fied in (1) above. These monomers may be used singly
or two or more in mixtures. The polymerization can be
conducted according to various methods such as bulk
polymerization, suspension polymerization and emul-
sion polymerization. Particularly emulsion polymeriza-
tion is suitable.

Preferred among these rubber elastomers is a graft
copolymer obtained as follows: an alkyl(meth)acrylate
such as n-butyl acrylate, 2-ethylhexyl acrylate or
methyl methacrylate, a butadiene and further a small
amount of a crosslinking agent such as ethylene dimeth-
acrylate or divinyl benzene are copolymerized accord-
ing to a conventional method; to the resultant latex,
vinyl-based monomers such as styrene, acrylonitrile,
methacrylonitrile or vinyl chloride are added as the
graft component monomer and the mixture is subjected
to graft polymerization according to a conventional
method.

Another preferred rubber elastomer is a graft copoly-
mer obtained as follows: said alkyl (meth)acrylate and a
compound having a conjugated diene type double bond
and further a non-conjugated double bond per molecule
are copolymerized according to a conventional method,
to the resultant latex said vinyl-based monomers are
added as the graft component monomer and the mixture
is subjected to graft polymerization according to a con-
ventional method. This graft polymerization is con-
ducted either in a single step process or in a process
consisting of a plurality of steps dealing with the graft
component monomers one by one.

Specific examples of these rubber elastomers are
MABS resin elastomers including a graft copolymer
wherein an octy! acrylate and a butadiene are copoly-
merized at a ratio of 7:3, to the resultant rubber latex
styrene and a methyl methacrylate are added and the
mixture is subjected to graft polymerization.

Still other examples of the rubber elastomer includes
those obtained by copolymerizing two or more of com-
pounds selected from the group consisting of a meth-
acrylic ester monomer, a vinyl cyanide monomer and an
aromatic vinyl monomer in the presence of a rubber.

Various rubbers can be used herein. Specifically, they
are a diene rubber or a diene rubber mixture, for exam-
Ple, a butadiene rubber (BR), an isoprene rubber (IR), a
chloroprene rubber (CR), a piperylene rubber, a sty-
rene-butadiene copolymer rubber, a styrene-butadiene
block copolymer rubber, an acrylonitrile-butadiene
copolymer rubber (NBR) and further an ethylene-pro-
pylene rubber (EPR), a terpolymer wherein an ethylene
and a small amount of a diene are copolymerized
(EPT), an isobutylene-isoprene rubber (IIR), an ethy-
lene-vinyl acetate rubber, a polyethylene chloride rub-
ber, an epichlorohydrin rubber and the like. Of them,
the butadiene rubber (BR) and the styrene-butadiene
rubber (SBR) are particularly suitable.

Furthermore, various compounds can be used as the
methacrylic ester monomer, examples of which include
a methyl methacrylate, an ethyl methacrylate, a propyl
methacrylate, an isopropyl methacrylate, a butyl meth-
acrylate and the like. Of them, the methyl methacrylate
is particularly suitable.

Furthermore, examples of the vinyl cyanide mono-
mer include an acrylonitrile, a methacrylonitrile and the
like.

Moreover, specific examples of the aromatic vinyl
monomer include a styrene, an a-methyl styrene, an
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o-methyl styrene, a m-methyl styrene, a p-methyl sty-
rene, a dimethyl styrene, a chlorostyrene and the like.

Other than those mentioned above, rubber elastomers
for use in the present invention include a thermoplastic
resin obtained by copolymerizing two or more com-
pounds selected from the group consisting of those such
methacrylic ester monomers, vinyl cyanide monomers
and aromatic viny! monomers according to a known
method such as solution polymerization, bulk polymeri-
zation, suspension polymerization, bulk-suspension pol-
ymerization and emulsion polymerization. Particularly,
a thermoplastic resin having a high rubber content is
preferably manufactured according to the emulsion
graft polymerization. Specifically, a methacrylic ester
monomer and an aromatic vinyl monomer are polymer-
ized with a polybutadiene-based latex according to the
emulsion graft polymerization " and the resultant
polybutadiene-based copolymer latex is coagulated
with an inorganic acid or an inorganic salt such as alu-
minum sulfate to obtain the desired product.

Preferred among those obtained as described above is
a thermoplastic resin prepared by copolymerizing a
styrene-methyl methacrylate or a styrene-acrylonitrile
in the presence of a butadiene copolymer containing
30% by weight or more of a polybutadiene or a butadi-
ene. Meanwhile, the above styrene compounds may be
those in which a part or all of the styrene is substituted
with an a-methyl styrene. Preferred specific examples
of those styrene compounds include a methyl methacry-
late-butadiene-styrene resin (MBS resin) , an acryloni-
trile-butadiene-styrene resin (ABS resin) and the like.

The present invention provides a polycarbonate resin
composition comprising the abovementioned compo-
nents (A), (B) and (C) . The components (A), (B) and
(C) are mixed at a ratio of 40 to 94% by weight, prefera-
bly 45 to 80% by weight of (A), 5 to 59% by weight,
preferably 10 to 40% by weight of (B) and 1 to 50% by
weight, preferably 3 to 30% by weight of (C).

In the polycarbonate resin composition of the present
invention, various inorganic fillers, additives or other
synthetic resins, elastomers and the like can, if neces-
sary, blended so long as the purpose of the present
invention is not impaired.

Inorganic fillers blended in order to imprové the
mechanical strength, the durability, or the increase in
quantity of the polycarbonate resin composition include
glass fibers (GF), glass beads, glass flakes, carbon black,
calcium sulfate, calcium carbonate, calcium silicate,
titanium oxide, alumina, silica, asbestos, talc, clay, mica,
and quartz powder.

The aforementioned additives include anti-oxidizing
agents of hindered phenol type, phosphorus type such
as phosphite and phosphate, and amine type; UV ab-
sorbers such as benzotriazoles, and benzophenones;
external lubricating agents such as aliphatic carboxyl-
ates, and paraffines; conventional flame-retardants;
mold release agents: antistatic agents: colorants and the
like.

As the hindered phenol type anti-oxidizing agents,
BHT (2,6-di-tert-butyl-p-cresol), Irganox 1076 and Ir-
ganox 1010 (trade name, produced by CIBA-GEIGY
CO. ), Ethyl 330 (trade name, produced by ETHYL
CO.), Sumilizer GM (trade name, produced by
SUMITOMO CHEMICAL CO., LTD. ) and the like
are preferably used.

Examples of the other synthetic resins are polyethyl-
ene, polypropylene, polystyrene, acrylonitrile-styrene
(AS) resin, acrylonitrile-butadiene-styrene (ABS) resin,
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polymethyl methacrylate, and polycarbonates other
than the above-mentioned branched polycarbonate.
Examples of elastomers are isobutylene-isoprene rub-
ber, styrene-butadiene rubber, ethylene-propylene rub-
ber, acrylic elastomer and the like.

The polycarbonate resin composition of the present
invention can be prepared by blending the above-men-
tioned components and kneading them. Blending and
kneading can be conducted by a conventional method
with the use of a ribbon blender, a Henschel mixer, a
Bunbury mixer, a drum tumbler, a single screw ex-
truder, a twin screw extruder, a co-kneader, a multiple
screw extruder or the like. The Kneading is appropri-
ately conducted at a heating temperature usually in the
range of 250° to 300° C.

The polycarbonate resin composition thus obtained
can be molded by various conventional molding meth-
ods such as injection molding, hollow molding, extru-
sion molding, compression molding, calender molding,
and rotary molding to prepare molded products such as
a bumper and other parts for automobiles, molded prod-
ucts for home electrical appliances, etc. The polycar-
bonate resin composition is suited particularly for blow
molding and extrusion molding, and is excellent in vac-
uum moldability, hollow moldability, and heat bending
moldability in the form of sheet or film.

As described above, according to the present inven-
tion, a polycarbonate resin composition excellent in
fluidability and solvent resistance, and also in moldabil-
ity, while posessing the mechanical properties of the
original polycarbonate can be obtained. The above-
mentioned polycarbonate is particularly suitable for
blow molding. Accordingly, blow molding products
made from the polycarbonate resin composition of the
present invention has a markedly improved mechanical
properties and solvent resistance, compared with the
conventional ones. Therefore, the polycarbonate resin
composition of the present invention is effectively uti-
lized for various molding products (e.g., industrial ma-
terials for automobiles, home electric appliances, and
office automation appliances), particularly as the mate-
rial for blow molding.

The present invention will be explained in greater
detail with reference to the following examples and
comparative examples.

REFERENCE EXAMPLE
(1) Synthesis of Polycarbonate Oligomer A

60 kg of bisphenol A was dissolved in 400 L
(L =liter) of a 5% aqueous sodium hydroxide solution
to prepare an aqueous sodium hydroxide solution of
bisphenol A.

Subsequently, the aqueous sodium hydroxide solution
of bisphenol A maintained at room temperature was
introduced into a tubular reactor with an inner diameter
of 10 mm and tube length of 10 m through an orifice
plate at a flow rate of 138 L /hr, and methylene chloride
was introduced therein at a flow rate of 69 L /hr, and
phosgene was blown thereinto in parallel at a flow rate
of 10.7 kg/hr to continuously react them for 3 hours.
The tubular reactor used herein was a double tube, and
the discharge temperature of the reaction solution was
maintained at 25° C. by passing cooling water in the
Jjacket section.

The discharged liquid (the reaction solution) was
adjusted to pH 10 to 11. The reaction solution thus
obtained was allowed to stand, and thus the aqueous
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layer was separated and removed to obtain 220 L of the
methylene chloride layer. Further, 170 L of methylene
chloride was added to the methylene chloride layer,
and the resulting mixture was thoroughly stirred. The
product thus obtained was used as the polycarbonate
oligomer A (concentration: 317 g/ L). The degree of
polymerization of the polycarbonate oligomer thus
obtained was 3 to 4.

(2) Synthesis of Polycarbonate Oligomer B

60 kg of bisphenol A and 0.58 kg of 1,1,1-tris(4hy-
droxyphenyl)ethane were dissolved in 400 L of a 54
aqueous sodium hydroxide solution to prepare an aque-
ous sodium hydroxide solution.

Thereafter, in the same manner as in (1) above, a
polycarbonate oligomer (Polycarbonate Oligomer B)
with a concentration of 321 g/ L was obtained.

Preparation Exanﬁple 1 (Preparation of Polycarbonate)

3.39 L of methylene chloride was added to 5.61 L of
Polycarbonate Oligomer B to prepare Solution 1.

Separately, 173.4 g of sodium hydroxide and 482.9 ¢
of bisphenol A were dissolved in 2.9 L of water to
prepare Solution II.

The above Solution I and Solution II were mixed,
0.856 g of triethylamine as catalyst and 37.6 g of p-tert-
butylphenol as a terminal stopper were added thereto,
and the mixture was stirred in a turbulent flow condi-
tion for 10 minutes at 600 rpm.

Thereafter, 167 ml of an aqueous sodium hydroxide
solution (concentration: 48% by weight) was added,
and the resulting mixture was reacted while stirring
under a laminar flow condition for 60 minutes at 200
rpm.

After the reaction was completed, 5 L of water and 5
L of methylene chloride were added, and the mixture
was separated into a methylene chloride layer and an
aqueous layer. The methylene chloride layer was alkali-
washed with a 0.01N aqueous sodium hydroxide solu-
tion, and further acid-washed with 0.1N hydrochloric
acid.

Then, by washing with water, methylene chloride
was removed to obtain polycarbonate as a polymer in
flake form. The acetone-soluble matter of the flake-
form polymer obtained was measured by Soxhlet ex-
traction over 8 hours. The viscosity average molecular
weight of the resulting polycarbonate was 2.7 104,
The polycarbonate thus obtained is referred to as A-1.

Preparation Example 2 (Preparation of Polycarbonate)

To 5.68 L of Polycarbonate Oligomer A, 3.32 L of
methylene chloride was added to prepare Solution III.

Solution III and Solution II used in Preparation Ex-
ample 1 were mixed, 0.856 g of triethylamine as a cata-
lyst, 37.6 g of p-tert-butylphenol as a terminal stopper
and 15.0 g of 1,1,1-tris(4-hydroxyphenyl)ethane as a
branching agent were added thereto, and the mixture
were stirred under a turbulent flow condition for 10
minutes at 600 rpm.

Then, 167 ml of an aqueous sodium hydroxide solu-
tion (concentration: 48% by weight) was added thereto,
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and the reaction was conducted by stirring under a
laminar flow condition for 60 minutes at 200 rpm.

When the reaction was completed, 5 L of water and
5 L of methylene chloride were added thereto, and a
methylene chloride layer and an aqueous layer were
separated. The methylene chloride layer was alkali-
washed with a 0.01N aqueous sodium hydroxide solu-
tion, and then acid-washed with 0.01N hydrochloric
acid.

Then, by washing with water, the methylene chloride
was removed away, and a polymer in flake, that is,
polycarbonate was obtained. The viscosity average
molecular weight of the resulting polycarbonate was
2.7 10% This polycarbonate is referred to as A-2.

Preparation Example 3 (Preparation of Polycarbonate)

The procedure of Preparation Example 1 was re-
peated except that 53.2 g of p-cumylphenol was used in
place of 37.6 g of p-tert-butylphenol. The viscosity
average molecular weight of the resulting polycarbon-
ate was 2.7 104 This polycarbonate is referred to as
A-3.

Preparation Example 4 (Preparation of Polycarbonate)

The procedure of Preparation Example 1 was re-
peated except that 45.5 g of p-tert-butylphenol was
used. The viscosity average molecular weight of the
resulting polycarbonate was 2.1 104. This polycarbon-
ate is referred to as A-4.

Examples 1 to 11 and Comparative Examples 1 to 5

Each prescirbed amount of polycarbonate, thermo-
plastic polyester resin and other additives was dried,
and chip blended, then supplied to an extruder to be
kneaded at 270° C., and pelletized. Further, the result-
ing pellet was dried at 120° C. for 6 hours, and injection-
molded at a die temperature of 80° C. and a molding
temperature of 270° C. to obtain a test piece.

The pellet was measured on melting properties (flow
value, MIR, swell ratio, and melting intensity), and the
test piece was measured on tensile strength and solvent
resistance. The results are shown in Table 1-1 to Table
1-4.

TABLE 1-1

Thermoplastic
Polyester Resin

Ratio by Weight

Polycarbonate
Ratio by Weight

Kind (Wt %) Kind (Wt %)
Example 1  A-1 90 PET*2 10
Example 2 A-2 %0 PET*? 10
Example 3  A-3 90 PET*2 10
Example 4  A-1 70 PET*2 30
Example 5 A-1 50 PET*? 50
Example 6  A-l 30 PET*? 70
Example 7 A-3 30 PET*? 70
Example 8  A-] 70 PBT*3 30
Example 9 A-1 30 PBT*3 70
Example 10 A-4 90 PET*2 10
Example 11 A-1 95 PET*? 5

'lToughlon A-2700 (polycarbonate produced from bisphenol A) manufactured by
Idemitsu Petrochemical Co., Ltd.

*2Dianite MA523 (polyethylene terephthalate, intrinsic viscosity: 0.73 dl/g) manu-
factured by Mitsubishi Rayon Co., Ltd.

*3Dulanex 2002 (polybutylene terephthalate, intrinsic viscosity: 1.06 dl/g), manufac-
tured by Polyplastic Co., Lid.
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TABLE 1-2
Result of Evaluation

Tensile

Strength Solvent Flow Value Swell Melt

(kg/cm?)  Resistance (m)/sec) MIR  Ratio  Tension (g)
Example 1 630 0.4 3.8 x 10—2 78 2.52 6.5
Example 2 630 0.4 3.8 x 10—2 78 2.53 6.5
Example 3 630 0.4 3.8 x 10—2 77 2.50 6.4
Example 4 620 0.5 4.4 x 10-2 66 1.65 42
Example 5 600 0.6 6.5 % 102 64 1.62 39
Example 6 580 0.7 8.9 x 10-2 64 1.48 3.2
Example 7 580 0.7 8.8 x 10-2 65 1.48 33
Example 8 630 0.5 3.2 x 10-2 75 1.38 4.3
Example 9 630 0.7 8.3 x 10—2 68 1.39 2.8
Example 10 630 0.4 8.2 x 10—2 79 2.52 48
Example 11 630 0.4 3.6 x 10—2 82 2.54 6.8

. 5 .
TABLE 1-3 5) Tensile Strength (kg/cm?) Measured according to
py — JIS K-7113.
ermoplastic .
Polycarbonate Polyester Resin 20 6) Solvent Resistance

Ratio by Weight

Kind (wt %)

Ratio by Weight
(wt %)

Kind

Compara- A-1 100
tive

Example 1

Compara- B-1 100
Example 2

Compara- B-i 70
tive

Example 3

Compara- B-1 70
tive

Example 4

Compara- B-2*4 %0
tive

Example 5§

PET

PBT

PBT

30

30

25

30

*4Toughlon A2200 (polycarbonate produced from bisphenol A) manufactured by

Idemitsu Petrochemical Co., Lid.

35

Determined by critical strain in ratio by volume, in a
solvent (ratio of composition: toluene/isooc-
tane =40/60), according to the § oval method described
in Nakatsuji et al. “Shikizai” vol. 39, page 455 (1966).

Examples 12 to 23

A polycarbonate and a thermoplastic polyester resin
were dried at 120° C. for 6 hours. These two dried
materials, a green rubber elastomer and other additives
each in a prescribed amount were subjected to dry-
blending according to the mixing composition shown in
Table 1-5. The resultant mixture was fed to an extruder,
kneaded at 270° C. and pelletized. The so obtained pel-
lets were dried at 120° C. for 6 hours and then subjected
to injection under the conditions of a die temperature of
80° C. and a molding temperature of 270° C. to obtain
test pieces.

TABLE 1-4
_Result of Evaluation

Tensile

Strength Solvent Flow Value Swell Melt

(kg/cm?)  Resistance (ml/sec) MIR Ratio  Tension (g)
Comparative 630 0.2 2.5 x 10-2 75 2.75 6.9
Example 1
Comparative 630 0.2 22 x 1072 20 1.13 0.8
Example 2
Comparative 610 0.5 4.1 x 10-2 30 1.18 1.5
Example 3
Comparative 620 0.5 1.8 x 10—2 32 1.20 1.3
Example 4
Comparative 630 0.4 8.2 x 10-2 25 112 0.8
Example 5

Conditions of measuring melt properties, tensile
strength, and solvent resistance are as follows.
1) Flow Value Measured according to JIS K-7210. 55
2) MIR (Index for blow molding. Desired value is 50
or higher.) Melt index ratio (M1} xg/Mi32s¢). Measured

at 280° C.

3) Swell ratio (indication of blow molding and the
like. Desired value is 1.2 or higher.)

Value obtained by dividing a cross-sectional area of a
strand extruded when a load of 11 kg is applied to a
molten resin in measurement of melt index, by-a cross-
sectional area of an orifice.

4) Melt Tension (Indication of blow molding and the 65
like. Desired value is 2 (g) or higher.) Tension of strand
resulted at a tensile rate of 9.42 re/min., Orifice:
L/D=28/21 was measured at 280° C.

The pellets were measured for the melt properties
(the flow value, the swell ratio and the melt tension),
while the test pieces were examined relative to the ten-
sile strength, the Izod impact strength and the solvent
resistance. The results thereof are given in Table 1-6.

TABLE 1-5
Mixing Composition (wt. %)
PC PET Rubber Elastomer
Mixed Mixed Mixed

Kind amount Kind amount Kind amount

Example 12 A-1 70 PET 25 5
Example 13 A-2 70 PET 25
Example 14 A-3 70 PET 25
Example 15 A-4 70 PET 25
Example 16 A-] 50 PET 45
Example 17 A-l 60 PET 25
Example 18 A-l 70 PET 25

T
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TABLE 1-5-continued

Mixing Composition (wt. %)

PC PET Rubber Elastomer
Mixed Mixed Mixed
Kind amount Kind amount Kind amount
Example 19 A-] 60 PET 25 G-1 15
Example 20 A-1 70 PET 25 G-2 5
Example 21 A-1 60 PET 25 G-2 15
Example 22 A-1 70 PBT 25 G-2 5
EXample 23 A-1 45 PBT 35 G-2 20
TABLE 1-6
Physical properties
Tensile Izod impact Critical
strength strength*! strain
kg/m? 23" C. ~30° C. %
Example 12 600 90 20 0.5
Example 13 600 90 20 0.5
Example 14 600 90 20 0.5
Example 15 600 90 20 0.5
Example 16 550 80 15 0.6
Example 17 530 70 30 0.6
Example 18 650 85 18 0.6
Example 19 580 68 25 0.7
Example 20 580 85 35 0.5
Example 21 480 68 50 0.6
Example 22 620 80 30 0.6
Example 23 530 65 48 0.8
Physical properties
Flow value Melt
ml/sec Swell ratio tension g
Example 12 4.5 x 10~2 1.65 40
Example 13 4.5 x 10—2 1.65 4.0
Example 14 4.5 x 10~2 1.66 41
Example 15 12 x 102 1.64 3.0
Example 16 6.8 x 10—2 1.58 3.8
Example 17 50 x 10-2 1.40 3.7
Example 18 3.5 x 10-2 1.35 42
Example 19 4.0 x 10—2 1.30 3.8
Example 20 48 x 10-2 1.70 42
Example 21 5.5 x 10—2 1.44 39
Example 22 3.8 x 10—2 1.38 4.4
Example 23 50 x 10—2 1.33 3.6
Furthermore, the melt properties, the tensile

strength, the Izod impact strength and the solvent resis-
tance were determined under the following conditions:

1) Flow value

Measured according to JIS K-7210.

2) Swell ratio (an indication of blow molding; and
preferably a value of 1.2 or higher)

Determined by dividing a cross-sectional area of a
strand extruded under the following conditions by a
cross-sectional area of an orifice with the use of & capil-
lary rheometer.

Extruding Conditions

Capillary L/D 20, D 1 mm ¢
Temperature 280° C.
Shear rate 243 cm—!

3) Melt tension (an indication of blow molding and
the like; preferably 2 (g) or more)

The tension was developed on a strand under the
conditions of a stress rate of 9.42 m/min and an orifice
of L/D=8/21. The so developed tension was measured
at 280° C.

4) Tensile strength

Measured according to JIS K-7113.

5) Izod impact strength

3 in notched. Measured according to JIS K-7110.

6) Solvent resistance

14
The critical strain (the minimum strain capable of
developing cracks) was determined with the use of a
solvent (toluene/isooctane=40/60) according to the i
oval method.

Furthermore the following materials were used in the

examples and the comparative examples:

(B-1): A conventional polycarbonate resin known as
“TOUGHLON A2700” (supplied by Idemitau
Petrochemical Co., Ltd.)

(PET): A polyethylene terephthalate known as
“DIANITE MAS523” (supplied by Mitsubishi
Rayon Co., Ltd.)

(PBT): A polybutylene terephthalate as “DULA-
NEX 2002” (supplied by Polyplastic Co., Ltd.)

(G-1): A rubber-like elastomer MAS as “PARA-
L.OID KM330” (supplied by Rhome & Haas Co.)

(G-2): A rubber-like elastomer MBS as “ME-
TABLEN C223” (supplied by Mitsabishi Rayon
Co. Ltd.)

What is claimed is:

1. A polycarbonate resin composition consisting es-

sentially of

(A) 30 to 98% by weight of a branched polycarbon-
ate having a branched nucleus structure derived
from a branching agent represented by the formula

(I:

10
15
20

25

RS R 0

30 !

HO OH

RS R2

35

R* OH R}
wherein R is a hydrogen atom or an alkyl group
having 1 to 5 carbon atoms, and R! to Réare hydro-
gen atoms, alkyl groups having 1 to 5 carbon atoms
or halogen atoms, respectively, the branched poly-
carbonate having a viscosity average molecular
weight of 15,000 to 40,000, and an acetone-soluble
45 matter of not more than 3.5% by weight, and
(B) 70 to 2% by weight of polybutylene terephthalate
resin.
2. The polycarbonate resin composition according to
claim 1 wherein the branched polycarbonate is repre-

50 sented by the formula:

R terminal

6 lll 1
terminal-(PC)m—O-@— C—@O—(PC)n-group
55 group RS R2

RY O RS
L(PC).-termina] group

wherein m, n, and o are integers, respectively, and PC
indicate a polycarbonate moiety.

3. The polycarbonate resin composition according to
claim 2 wherein the polycarbonate is made from bisphe-
nol A.

4. The polycarbonate resin composition according to
claim 2 wherein the polycarbonate has a repeating unit
represented by the formula:

65
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15 16
R6 R Rl (I)
|
HO C OH
3 R5 RZ
0 CH;
|| ]
—C—0 ? o—
CH; 10 RY OH R?

§. The polycarbonate resin composition according to

claim 1 wherein the branching agent is 1,1,1-tris(4-

hydroxyphenyl)ethane.

6. A polycarbonate resin composition consisting es-

sentially of (A) 40 to 94% by weight of a branched

polycarbonate having a branched nucleus structure

derived from a branching agent represented by the

formula (I):
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wherein R is a hydrogen atom or an alkyl group having
1 to 5 carbon atoms, and R!and Réare hydrogen atoms,
alkyl groups having 1 to 5 carbon atoms or halogen
atoms, respectively,

the branched polycarbonate having a viscosity aver-

age molecular weight of 15,000 to 40,000, and an
acetone-soluble matter of not more than 3.5% by
weight, and (B) 5 to 59% by weight of a polybutyl-
ene terephthalate resin and 1 to 50% by weight of
a rubber elastomer as a component (C), the total
amount of the component (A), the component (B)
and the component (C) being 100% by weight.

7. The polycarbonate resin composition according to
claim 6, wherein component (A) is in an amount of 45 to
80% by weight, component (B) is in an amount of 10 to
40% by weight and component (C) is in an amount of 3
to 30% by weight, the total amount of the component
(A), the component (B) and the component (C) being
100% by weight.

8. The polycarbonate resin composition according to
claim 7, wherein the branching agent is 1,1,1-tris(4-
hydroxyphenyl)ethane.

* *

® * x



